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Immunohistochemical analysis of Ki-67, p53 and Bcl-2
expression related to histological features in
gastroesophageal reflux disease

Gastroozofageal refli hastaliginda 6zofagus biyopsilerindeki histolojik ozellikler ile
Ki-67, p53 ve Bcl-2 ekspresyonunun immunohistokimyasal analizi
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Background/aims: The endoscopic and histologic findings of
gastroesophageal reflux disease are usually indistinct. The cur-
rent study was designed to define accurately the histology in
gastroesophageal reflux disease and to develop a hypothesis
that reflux produces immunohistochemical changes. Methods:
The study was based on the examination of endoscopic esopha-
geal biopsy specimens obtained from 20 patients with evidence
of reflux with 24-hour pH-meter monitoring and from 20 control
subjects without clinical or endoscopic reflux. The pathogenesis
of reflux esophagitis was discussed by comparing the histopat-
hologic changes with determined Ki-67, p53 and Bcl-2 immuno-
reactivity. Results: In this study, the presence of esophagitis
was determined endoscopically in only 556% of the patients with
gastroesophageal reflux disease, while microscopic esophagitis
was detected in 60% of them. No correlation was found between
presence of endoscopic esophagitis and microscopic esophagitis
in the patients with gastroesophageal reflux disease. There was
a significant difference between control cases and the patients
according to histological parameters, which included basal ac-
tivity (p=0.006), height of papillae (p=0.006), intraepithelial ne-
utrophils (p=0.000), intraepithelial eosinophils (p=0.006), con-
gestion (p=0.001), and dilated intercellular spaces (p=0.006).
Immunohistochemically, there was a significant difference in
the expression of pb3 and Ki-67 between the three study groups
(patients with /without microscopic esophagitis, controls)
(p<0.05). However, there was no difference in Bcl-2 between the
patients with reflux and control cases. Conclusions: In this
study, we considered that microscopic esophagitis does not al-
ways accompany reflux, and the lack of reliable diagnostic his-
tologic criteria is still a serious problem for pathologists. Immu-
nohistochemically, an increase in cell proliferative activity and
pb53 protein accumulation to repair oxidative DNA damage re-
lated to reflux were observed. However, the close Bel-2 immuno-
reactivity in all groups that was indicated by a weak positivity
suggests that the inhibition of apoptosis may not be involved in
reflux esophagitis.
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Amag: Gastroozofageal reflii hastaliginda endoskopik ve histo-
lojik bulgular genellikle belirsizdir. Yaptigimiz bu ¢calisma, gas-
trovzafageal reflii hastaligr ézofagus biyopsilerinde saptanan
histolojik bulgulart ayrintili olarak tanimlamak ve reflii sonucu
ortaya ¢tkan immunohistokimyasal degisiklikleri degerlendir-
mek iizere planlanmigtir. Yontem: Calismada klinik ve endos-
kopik degerlendirmede reflii saptanmayan 20 kontrol olgusu ile
klinik-endoskopik ve 24 saatlik pH-metre él¢iimleri sonucunda
refliisii oldugu saptanan 20 gastroozafageal reflii hastaligi olgu-
sunun endoskopik ozofageal biyopsi oérnekleri incelemeye alin-
mustir. Reflii 6zofajit patogenezi histopatolojik bulgular egligin-
de Ki-67, p53 ve Bcl-2 immunoreaktivitest ile birlikte tartisil-
mustir. Bulgular: Endoskopik ozofajit gastroozafageal reflii
hastaligt bulunan olgularin yalnizca %55%inde gozlenirken,
mikroskopik ozofajit olgularin %60 inda saptanmuigtir. Refliisii
bulunan olgularda, endoskopik ézofajit ve mikroskopik ozofajit
varligi agisitndan anlamly bir iliski saptanmamugtir. Histolojik
parametrelere gore kontrol olgular: ve gastroozafageal reflii has-
taligr olgulart anlamli derecede farklulik gostermektedir: bazal
aktivite artist (p=0.006), papilla yiiksekligi (p=0.006), intraepi-
teliyal notrofil infiltrasyonu (p=0.000), intraepiteliyal eozinofil
infiltrasyonu (p=0.006), konjesyon (p=0.001) ve genislemis inter-
selliiler mesafeler (p=0.006). Immunohistokimyasal olarak, p53
ve Ki-67 ekspresyonu agisindan kontrol grubu, reflii+histolojik
ozofajit grubu ve reflii+normal histoloji grubu arasinda anlam-
I bir fark saptanmustir (p<0.05). Bel-2 immunoreaktivitesi ise
reflii grubu ve kontrol grubu arasinda bir farklilik gostermemis-
tir. Tartisma: Calismamuiz, mikroskopik ézofajitin daima reflii-
ye eslik etmedigini ve patologlar i¢cin giivenilir tanisal histolojik
kriterlerdeki yetersizligin halen ciddi bir problem oldugunu dii-
stindiirdii. Immunohistokimyasal olarak, refliiye bagl olarak
gelisen oksidatif DNA hasarint onarmak iizere, 6zofagus epite-
linde hiicre proliferasyon aktivitesinde artis oldugu ve p53 pro-
teininin hiicre icinde birikime ugradigi goriildii. Tiim gruplar-
da Bcl-2 immunoreaktivitesinin benzer sekilde zayif bir pozitif-
lik gostermesi, apoptozis inhibisyonunun reflii 6zofajitte yer al-
mayabilecegini diisiindiirdii.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a chro-
nic disorder that develops by the flow of gastrodu-
odenal contents back to the esophagus. The diag-
nosis of GERD is based on the combination of cli-
nical symptoms, endoscopic appearance, pH moni-
toring, and histologic findings (1). Most of the pa-
tients with gastrointestinal system complaints
may also present the clinical findings of GERD.
The most notable complaints in GERD are heart-
burn, regurgitation, dysphagia, odynophagia, we-
ight loss, nausea, and vomiting. However, in addi-
tion to these complaints primarily associated with
the esophagus, some other symptoms involving
the oral cavity, larynx, pharynx, sinuses, and
lungs may also appear (2, 3). Those who are over
the age of 40 should first be evaluated by endos-
copy of the upper gastrointestinal system on their
admittance to the gastroenterologist. Furthermo-
re, the endoscopic and histologic findings of pati-
ents with GERD may not be specific alone. Since
GERD is a heterogeneous disease, the findings in
these investigations do not always correspond. So-
me patients with typical symptoms have normal
findings, whereas asymptomatic patients may ex-
hibit typical endoscopic and histologic features of
GERD. In fact, the “gold standard” in the definiti-
ve diagnosis of GERD is 24-hour pH monitoring
(4). Although it is the most useful clinical test, this
method is quite expensive and is more time-consu-
ming. Therefore, the evaluation of the clinic, en-
doscopic and histologic findings in a collaborative
manner is the most practical approach in the diag-
nosis of GERD.

In this study, patients diagnosed as GERD by 24-
hour pH monitoring were also evaluated with both
endoscopic and histologic findings and compared
with individuals whose esophageal biopsies were
normal in appearance. The pathogenesis of GERD
was discussed by evaluating histologic changes
and the immunoreactivities of p53, Ki-67 and Bcl-
2 in all esophageal biopsies, and the contribution
of immunohistochemistry to the diagnosis of
GERD was researched.

MATERIALS AND METHODS

Twenty patients with GERD confirmed by clinical
symptoms, endoscopic findings, histopathologic
examinations, and 24-hour pH monitoring were
included in this study. The control group consisted
of 20 healthy subjects, who had no significant cli-
nical reflux disease or history of heartburn, regur-
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gitation, dysphagia, or chest pain or any other ma-
jor abdominal complaints or signs of pathologic
changes of the esophageal mucosa visible with
conventional endoscopic examination. Patients
with symptomatic GERD underwent 24-hour dual
pH probe monitoring after a 12-hour starvation
period to quantify the exposure of the esophagus
to gastric reflux. The lower probe was positioned 5
cm above the manometrically defined upper bor-
der of the lower esophageal sphincter and the up-
per probe was placed 10 cm above the distal one.
The patients were instructed to carry out their
normal daily activities and to avoid exhausting ac-
tion. Patients were asked to remain in the upright
position during the daytime, and their diet was
restricted to food with a pH exceeding 5. Medicati-
ons that were known to affect gastrointestinal mo-
tility or acid secretion were discontinued 3 days
before testing. The percentage of total monitored
time during which the esophageal mucosa was ex-
posed to a pH below 4.0 was recorded. Abnormal
esophageal acid exposure was defined as a pH
<4.0 for more than 4.5% of the 24-hour period (5).
All patients and controls underwent upper gastro-
intestinal endoscopy. According to a previously
published methodology, during the endoscopy, at
least four biopsies were taken from 3 cm above the
esophagogastric junction of each case with or wit-
hout reflux (6).

Esophageal biopsies with Candida, herpesvirus or
cytomegalovirus infections, any drug-related ab-
normality, or with systemic conditions such as col-
lagen vascular disease or Stevens-Johnson
syndrome were excluded from the study. In additi-
on, subjects showing histologic metaplastic epithe-
lium or the area of epithelial replacement by en-
doscopy were also excluded.

Specimens were immediately fixed on Hollande’s
fixative and oriented so that sections perpendicu-
lar to the mucosal surface could be obtained. Fol-
lowing ethanol dehydrating and paraffin embed-
ding, the specimens were sectioned and then stai-
ned with hematoxylin and eosin (H&E). In additi-
on, 5 um thick sections were immunostained by
the avidin-biotin-peroxidase complex (ABC) met-
hod. Antihuman monoclonal antibodies specific for
Ki-67 (MM-1, Novocastra), p53 (DO-7, Biogenex),
and Bcl-2 (124, Dako) were used in this study. Af-
ter incubation with the primary antibody, the sec-
tions were reacted with 0.1% H,O, in 0.1 M phosp-
hate-buffered saline (PBS), and were treated with
avidin-biotin-peroxidase complexes.
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The criteria used for histological assessment of bi-
opsy specimens were basal cell hyperplasia, papil-
lae elongation, infiltration of neutrophils and eosi-
nophils, dilatation of capillaries within papillae,
and presence of dilated intercellular spaces (DIS)
(7-9). The criteria were semiquantitatively scored
as none, mild, medium, and severe on H&E-stai-
ned slides obtained from each biopsy site. A basal
cell layer representing more than 15% of the full
thickness of the epithelium was regarded as basal
cell hyperplasia. The basal layer of the squamous
epithelium was composed of smaller cells with ro-
und nuclei and basophilic cytoplasm. These cytolo-
gical features of the basal layer helped in defining
basal cell hyperplasia in poorly oriented samples.
The elongation of papillae was estimated as papil-
lae extending more than two-thirds of the distan-
ce to the epithelium surface. Intraepithelial neut-
rophils and eosinophils were evaluated in the
most affected high-power field (40x). DIS were de-
fined as an irregular round or a diffuse widening
of the intercellular space and they were scored on
the basis of their size and range of extension. Ac-
cording to the mentioned histologic features, mic-
roscopic esophagitis was recognized as the presen-
ce of a minimum of three histologic findings.

Finally, three groups were identified on the basis
of symptoms, endoscopy, histology, and pH moni-
toring: Group I: the symptomatic reflux patients
with abnormal pH who had microscopic esophagi-
tis, Group II: the symptomatic reflux patients with
abnormal pH who had no microscopic esophagitis,
and Group III: the control cases with no symptoms
of reflux and with a normal endoscopic and histo-
logic appearance.

A semi-quantitative method was used to evaluate
immunohistochemical reactivity of p53, Ki-67 and
Bcl-2. p53 and Ki-67 reactivity was determined as
nuclear staining in the expected proliferative com-
partment, especially over the basal zone. The den-
sity of p53 and Ki-67 was calculated as the percen-
tage of basal layer cells. Bcl-2 is a cytoplasmic pro-
tein and showed staining in the basal and supra-
basal layers, and its level was defined as the per-
centage of the cells in these layers.

Statistical analyses were performed using SPSS
10.0 program. Possible alterations in the immuno-
histochemical staining degrees of these three pri-
mary antibodies and histological parameters bet-
ween the groups were analyzed by Fisher’s exact
probability test, while Kruskal-Wallis test was
used for correlation analysis.
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RESULTS

In the current study, 12 of the 20 cases with diag-
nosed GERD by 24-hour pH monitoring were diag-
nosed with microscopic esophagitis. The remai-
ning 8 cases had either normal esophageal muco-
sa or nearly normal mucosa with inadequate crite-
ria for microscopic esophagitis. Accordingly, 12 pa-
tients with microscopic esophagitis were categori-
zed as Group I and 8 patients without microscopic
esophagitis were classified as Group II. The symp-
tom-free 20 control cases with negative endoscopic
and histologic findings were assigned as Group III.

No statistical differences in age and sex were no-
ted between the groups. Of the cases included in
the study, 22 were female and 18 were male. The
mean age of Group I was 41, of Group II 44, and of
the Group III 54 years.

Endoscopically, in Group III (controls), the appe-
arance of the esophageal mucosa was completely
normal or nearly normal. While only 4 of 8 cases
in Group II showed marked hyperemia, 7 cases of
Group I had marked hyperemia and 2 of them had
ulcer and erosions. Hiatal hernia was distinguis-
hed by its nontubular pouch-like appearance in 3
cases. Consequently, 11 of all cases with reflux
esophagitis (55% of the patients with GERD) sho-
wed endoscopic esophagitis.

The results of histological evaluation in Group I
and Group II are shown in Table 1. In Group III,
except for mild congestion in two patients, no pat-
hological findings were present. In the histopatho-
logical evaluation, microscopic esophagitis was
present only in 60% of the patients who were diag-
nosed to have GERD through pH-meter measu-
ring. No correlation was found between endoscopic
and microscopic esophagitis in the patients with
GERD. There were significant differences between
the subjects with microscopic esophagitis (Group
I) and without microscopic esophagitis (Group II
and Group III) with respect to histological para-
meters such as increased basal activity (p=0.006),
height of papillae (p=0.006), intraepithelial neut-
rophils (p=0.000), intraepithelial eosinophils
(p=0.006), congestion (p=0.001), and DIS
(p=0.006). No significant difference was detected
in histological parameters between Group II and
Group III, but a borderline insignificant result for
congestion (p=0.088) was obtained. On the other
hand, the only significant difference between Gro-
up I and Group II was seen in the basal activity in-
crease (p<0.05).
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Table 1. The intensity of the observed histological findings in cases with and without microscopic esophagitis

Histological Intensity Microscopic No esophagitis p value
findings esophagitis with with GERD
GERD (n=12) (n=8)
None - 6 (75%)
Basal cell Mild 7 (58%) 2 (25%) Pp=0.006
activity Medium 3 (25%) -
Severe 2 (17%) -
None - 6 (75%) p=0.006
Papillary Mild 8 (66%) 2 (25%)
height Medium 2 (17%) -
Severe 2 (17%) -
None - 8 (100%) p=0.000
Intraepithelial Mild 7 (58%) -
neutrophils Medium 4 (33%)
Severe 1 (9%) -
None 2 (17%) 6 (75%)
Intraepithelial Mild 4 (33%) 2 (25%) p=0.006
eosinophils Medium 4 (33%) -
Severe 2 (17%) -
None - 3 (37.5%)
Congestion Mild 8 (67%) 3 (37.5%) p=0.001
Medium 4 (33%) 2 (25%)
Severe - -
None - 6 (75%) p=0.006
Dilated Mild 9 (74%) 2 (25%)
intercellular Medium 2 (17%) -
spaces Severe 1 (9%)

Immunohistochemically, the expression of p53
and Ki-67 revealed a significant difference betwe-
en all three groups (p<0.05) (Table 2) (Figures 1-
4). Bcl-2 showed weak and focal staining and the
percentage of its staining in our cases was 5-10%.
However, the positivity of Bcl-2 staining in all
three groups was closer, and therefore, no signifi-
cant difference was detected between them. To de-
fine the sensitivity and the specificity of p53 and
Ki-67 expression for each group, cut-off values for
the diagnosis of microscopic esophagitis were de-
termined (Table 3). Hence, it was considered that
a cut-off value of 15% for Ki-67 immunoreactivity
was highly specific for distinguishing the groups.
Bcl-2 immunoreactivity showed low sensitivity
(58.3%) and specificity (77.8%) in the diagnosis of
microscopic esophagitis.

DISCUSSION

Gastroesophageal reflux disease can be diagnosed
through endoscopic evaluation and pH-meter moni-
toring. 24-hour pH monitoring is the gold standard
for the diagnosis of GERD. The sensitivity of the
test is 96% and its specificity is 95%. Clinical fin-
dings of GERD correlate with lower esophageal pH
<4 during more than 4.5% of a 24-hour period (4).
Although chronic exposure of the lower esophagus

to a pH <4 for less than 1 hour per day is commonly
asymptomatic, it is likely that such exposure will
damage the squamous epithelium. Pathologists ha-
ve not observed any histologic change associated
with subclinical or asymptomatic reflux. Further-
more, there are some asymptomatic patients who

Table 2. Positivity for the expression of p53, Ki-67, and
Bcl-2 in each group

GroupI  Group II Group IIT p value
(%) (%) (%)
p53 22.5 10 4.5 <0.05
Ki-67 27.5 21.25 11 <0.05
Bcl-2 5.8 2.5 2 not significant

Table 3. The cut-off values to define the sensitivity and
specificity of p53 and Ki-67 expression in each group

Cut-off value Sensitivity Specificity
5.00 727 .235
10.00 127 .059
p53 15.00 .636 .059
20.00 273 .000
30.00 .182 .000
40.00 .091 .000
5.00 1.000 .824
10.00 1.000 .529
Ki-67 15.00 1.000 412
20.00 .545 176
40.00 .091 .000
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Figure 1. Immunohistochemical analysis for the expression of
Ki-67 in control case (x20).

Figure 2. Immunohistochemical analysis for the expression of
Ki-67 in GERD patient with microscopic esophagitis (x20).

do not have these two conditions; they have a shor-
ter reflux period during the day or their pH value
is higher than 4 (10-16). In almost half of the pati-
ents who have symptoms of reflux or whose reflux
is determined pH-metrically, the esophageal muco-
sa is seen as normal or with only hyperemia on en-
doscopy. A recently published review suggests that
prolonged acid exposure promotes greater damage
to the esophageal mucosa, which then sequentially
results in further inflammation (17). In fact, cur-
rently used histopathologic and endoscopic criteria
for GERD have a low sensitivity even in patients
with symptomatic reflux. The patchiness of micros-
copic changes is another factor, which extremely
influences the diagnostic reliability of histology.

In normal conditions, the reflux of gastric or du-
odenal contents into the esophagus is prevented
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by a complex barrier. Although the etiology of ref-
lux is multifactorial, hiatal hernia and decreased
lower esophageal sphincter pressure, which cons-
titute its most common causes, lead to the insuffi-
ciency of this barrier (18). Of the 20 cases with ref-
lux in our study group, three had hiatal hernia but
manometric evaluation could not be performed.
Although our results revealed that 20 cases had
GERD by pH-meter monitoring, endoscopic esop-
hagitis was determined in only 55% of the cases.
Moreover, while a great majority of them exhibi-
ted mild/moderate esophagitis, marked esophagi-
tis characterized with erosions, hemorrhage ten-
dency and ulcers was seen in only two cases. Con-
sistent with the literature, these findings show
that the accuracy of endoscopic appearance for the
diagnosis of GERD is limited (10).

In our study, according to histopathologic parame-
ters, microscopic esophagitis was determined in

Immunohistochemical analysis for the expression of
p53 in GERD patient with microscopic esophagitis (x40).

At

Figur 4.
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only 60% of the patients who were diagnosed to
have GERD through pH-meter measuring. There-
fore, it can be said that microscopic esophagitis do-
es not always accompany reflux; it can emerge as
a result of chronic and repeated exposure to gas-
tric contents. However, it was seen that histologi-
cal criteria are statistically significant in the eva-
luation of either the presence or absence of esop-
hagitis. Although many histologic findings have
been described in patients with GERD, the mini-
mum criteria required for diagnosis remain unk-
nown. How much abnormality suffices for the di-
agnosis of GERD or how one qualifies “abnormal”
are matters of debate. We considered the presence
of at least three histologic criteria for the diagno-
sis of microscopic esophagitis.

Congestion was the remarkable finding between
the control cases and the cases diagnosed with ref-
lux by pH-metry monitoring but who had histolo-
gically normal mucosa. However, in our study, it
was statistically borderline insignificant. Therefo-
re, it is maintained that congestion can be conside-
red as the early finding of microscopic esophagitis
since it is known that the dilatation and congesti-
on observed in the capillary vessels of the papilla-
e are insufficient for the diagnosis of reflux esop-
hagitis (19)- Finally, we have concluded that no re-
liable diagnostic histologic criteria have emerged
totally, and the established criteria have not been
detected in all patients with reflux.

As expected, it was also found in an experimental
study that reactive and proliferative changes in
the epithelium begin before inflammatory infiltra-
tion in reflux esophagitis (20). Since basal cell
hyperplasia is the result of cell proliferation, this
histological feature correlates with the immunore-
activity of Ki-67. The positivity of Ki-67 and p53 in
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